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METHODS AND ARRANGEMENTS FOR LINK POWER REDUCTION 

FIELD OF INVENTION 

5 [0001] The present invention is in the field of clock circuits. More particularly, the 

present invention relates to methods and arrangements for link power reduction based upon 
deactivation of clock and data recovery circuits and extension of clock and data recovery loop 
latency when spread spectrum signals are not present. 

10 BACKGROUND 

[0002] Communication systems involve a transmitter, a channel, and a receiver. Data is 

clocked by the transmitter and transmitted to a receiver, e.g., from a router to a hub or from one 
processor card to another processor card. However, the clock signal utilized to clock the data 

15 may not be transmitted with the data. One reason for not transmitting the clock signal with the 
data is that the clock signal induces noise to the data streams, increasing bit errors. Second, 
transmission of the clock signal utilizes bandwidth that could otherwise be used to transmit 
additional data. Third, transmitting the clock signal consumes power that is unnecessary because 
the receiver can reproduce the clock signal. Thus, in many applications, the clock signal is not 

20 transmitted with the data. 

[0003] Even when transmitting data across a transmission medium without the 

corresponding clock signals, noise introduced during transmission of the data signal, such as 
transmitter jitter, channel jitter and data dependent jitter, reduces the sampling window for data. 

25 For example, transmitter jitter can result from many sources such as feed through, random jitter, 
systematic offsets and duty cycle distortion. Duty cycle distortion, for instance, is caused by 
non-symmetric positive and negative duty cycles of a data symbol and can show up either as a 
high frequency correlated jitter or as a phase step. Further, channel jitter can result from phase 
dispersion, such as inter-symbol interference (ISI). When a long stream of ones, for example a 

30 sinusoid of 8 MHz and 24 MHz, transitions into a long stream of zeros, for example a sinusoid of 
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16 MHz, differences in the propagation delay between 8 MHz, 16 MHz, and 24 MHz of the 
transmission medium can cause phase shifts at each transition point. The phase shifts, phase 
steps, and reduced duty cycles reduce the perceivable sampling window by the receiver. 

5 [0004] When the data is transmitted without the clock signal, clocks in both the 

transmitter and the receiver must be coordinated to match so that data can be sampled at the 
center of the data sampling window. If the clocks are at substantially the same frequency, 
matching the clock signals is just a matter of adjusting the phase of the receiver clock to match 
the phase of the transmitter's clock. The phases can be matched by monitoring for a phase shift 

10 in the data. 

[0005] Receivers may compensate for the smaller sampling window by attempting to 

align a data sampling clock signal, or recovered clock signal, with the center of the data- 
sampling window. More specifically, receivers typically implement a clock and data recovery 
15 (CDR) loop to track differences in phase between the data signal and sampling clock and modify 
the phase of the sampling clock to track the data signal. When the sampling clock is in phase 
with the data signal, a 90-degree phase-shift of the sampling clock will place transitions of the 
phase-shifted clock in the center of the sampling window. 

20 [0006] Computations based upon sample values for bits of the data signal (typically two 

to four values per bit) indicate whether the phase of the sampling clock is out of sync with the 
phase of the data signal. For instance, assuming that the bit being sampled is a high voltage, and 
the prior and subsequent bits are low voltages, three sample values of the bit may be read from 
the data signal based upon transitions of the sampling clock. When the phase of the sample 

25 clock lags the phase of the data signal, the first two sample values read from the data signal will 
be a high voltage read from the bit and the next sample value will be a low voltage read from the 
next bit. Similarly, when the phase of the sample clock leads the phase of the data signal, the 
first sample value will be a low voltage read from the previous bit and the next two sample 
values will be a high voltage. Generally, the results are averaged over a sampling window of bits 
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and, when, on average, the sampling clock is determined to be leading or lagging, the phase of 
the sampling clock is modified accordingly. 

[0007] However, sometimes there is a difference between the internal frequency of the 

5 transmitter and receiver for clocking the data and that difference may vary with time, which is 
often referred to as spread spectrum signaling. Spread spectrum clocking is typically designed 
into the CDR loop to compensate for spread spectrum signaling. Spread spectrum clocking 
circuitry is incorporated into the design of the CDR loop to handle spread spectrum clocking. 
Spread spectrum clocking circuitry includes complex logic that operates at high frequencies to 
10 monitor the phase shifts in a data signal. 

[0008] The complex logic and high frequency demands are dependent upon bandwidth 

requirements and bit error rate (BER) specifications. Bandwidth is the amount of data 
transmitted per unit of time and BER is the percentage of bits with errors divided by the total 

15 number of bits transmitted, received or processed per unit of time. Essentially, BER is the digital 
equivalent of the signal-to-noise ratio for analog systems. Thus, higher bandwidths and lower 
BERs require spread spectrum clocking circuitry to incorporate more complex logic and operate 
at higher frequencies to process data signals, especially when the data signals are spread 
spectrum signals. The cost of handling the spread spectrum signals is then realized in power 

20 consumption by the spread spectrum clocking circuitry and silicon area requirements for the 
spread spectrum clocking circuitry, neither of which can be reduced without relaxing the 
specifications for bandwidth, BER, or spread spectrum clocking. 

[0009] Many receivers are designed for the worst case, high frequency changes that the 

25 receiver may encounter. Those receivers include CDR loops that are typically over designed for 
the signals that they normally encounter and, as a result, consume significantly more power than 
is necessary. In particular, many receivers that encounter spread spectrum signals, do not 
encounter the spread spectrum signals often. Thus, the additional power consumption related to 
the spread spectrum clocking circuitry is unnecessary most of the time, and possibly all of the 
30 time for some applications. 
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SUMMARY OF THE INVENTION 

[0010] The problems identified above are in large part addressed by methods and 

5 arrangements for deactivation of clock and data recovery circuits and extension of clock and data 
recovery loop latency when spread spectrum signals are not present. One embodiment provides 
an apparatus for reducing power consumption by a clock and data recovery loop. The apparatus 
contemplates a flywheel to monitor adjustments made in a phase of a sampling clock by a phase 
controller, the sampling clock being generated to sample bit values from a data signal, and to 
10 modify the adjustments in the phase of the sampling clock to track a phase of the data signal; and 
a loop latency controller to monitor the modifications of the adjustments in the phase of the 
sampling clock, to determine the existence of spread spectrum clocking based upon a frequency 
of the modifications, and, in response, to adapt a stage of the clock and data recovery loop. 

15 [0011] Another embodiment provides a method for reducing power consumption by a 

clock and data recovery loop. The method contemplates monitoring adjustments made in a 
phase of a sampling clock by a phase controller, the sampling clock being generated to sample 
bit values from a data signal; modifying the adjustments in the phase of the sampling clock to 
track a phase of the data signal; and monitoring the modifications of the adjustments in the phase 

20 of the sampling clock; determining the existence of spread spectrum clocking based upon a 
frequency of the modifications; and adapting a stage of the clock and data recovery loop in 
response to determining the lack of spread spectrum clocking. 

[0012] Another embodiment provides a clock and data recovery loop. The clock and 

25 data recovery loop generally includes a clock generator to generate a sampling clock; sampling 
circuitry to sample values for a bit from a data signal based upon the sampling clock; comparison 
circuitry to compare the values for the bit to generate a comparison signal indicative of a 
difference between the phase of the sampling clock and the phase of the data signal; a phase 
controller to adjust the phase of sampling clock in response to the comparison signal; a flywheel 
30 to monitor adjustments in the phase of the sampling clock by the phase controller and to modify 
the adjustments in the phase of the sampling clock to track the phase of the data signal; and a 



IBM Dkt No.: AUS920030779US 1 



5 



AttyDkt: ffiM.4020.PAT 



loop latency controller to monitor the modifications of the adjustments in the phase of the 
sampling clock, to determine the existence of spread spectrum clocking based upon a frequency 
of the modifications, and, in response, to adapt a stage of the clock and data recovery loop. 



10 



20 



BRIEF DESCRIPTION OF THE DRAWINGS 

[0013] Other objects and advantages of the invention will become apparent upon reading 

the following detailed description and upon reference to the accompanying drawings in which, 
like references may indicate similar elements: 



FIG 1 depicts an embodiment of a transmitter coupled with a receiver having a clock 

and data recovery (CDR) loop to re-clock a data signal; 
FIG 2 depicts an embodiment of a CDR loop including a loop latency controller to 

reduce power consumption when spread spectrum clocking is deemed 
15 unnecessary based upon a spread spectrum clocking table; 

FIG 3 depicts a graph describing power savings that result from merging stages and 

reducing an operating frequency for stages of a CDR loop; and 
FIG 4 depicts embodiment of a flow chart for reducing power consumption in a CDR 

loop. 



DETAILED DESCRIPTION OF EMBODIMENTS 



[0014] The following is a detailed description of example embodiments of the invention 

depicted in the accompanying drawings. The example embodiments are in such detail as to 
25 clearly communicate the invention. However, the amount of detail offered is not intended to 
limit the anticipated variations of embodiments, but on the contrary, the intention is to cover all 
modifications, equivalents, and alternatives falling within the spirit and scope of the present 
invention as defined by the appended claims. The detailed descriptions below are designed to 
make such embodiments obvious to a person of ordinary skill in the art. 



30 
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[0015] Generally speaking, methods and arrangements for extension of clock and data 

recovery (CDR) loop latency and deactivation of CDR circuits are contemplated. In particular, 
embodiments address situations in which a receiver, designed to handle spread spectrum 
clocking, may not always or continuously encounter spread spectrum signals. As a result, power 

5 consumption by the receivers may be reduced. Embodiments identify situations in which spread 
spectrum clocking is unnecessary and may adapt the CDR loop to operate with less power 
consumption by, e.g., reducing the operating frequency of CDR circuits. For instance, some 
embodiments employ a flywheel circuit, incorporated into many spread spectrum CDR loops to 
accelerate adjustments to a sampling clock, to determine when spread spectrum signals are not 

10 being encountered. A loop latency controller may then, advantageously, reduce the frequency of 
internal circuits that adjust the sampling clock, which advantageously reduces power 
consumption. In addition, the operation voltages of the CDR loop may also be reduced to reduce 
power consumption because circuit elements operating at a lower frequency may be able to 
operate at a lower voltage. 

15 

[0016] Further embodiments deactivate stages, or circuits, of the CDR loop to reduce 

power consumption by the receiver. In particular, when the frequency of adjustments being 
made to the sampling clock is reduced, circuitry incorporated into the design of the CDR loop to 
handle the high-speed changes required for spread spectrum signaling is unnecessary. 

20 

[0017] While specific embodiments will be described below with reference to particular 

circuit configurations of CDR loops, those of skill in the art will realize that embodiments of the 
present invention may advantageously be implemented with other substantially equivalent circuit 
configurations. 

25 

[0018] Turning now to the drawings, FIG 1 depicts an embodiment of a transmitter 105 

coupled with a receiver 1 10 having a clock and data recovery (CDR) loop 1 13 to re-clock a data 
signal 107. For example, transmitter 105 may receive input data 101, determine the data 
communicated by input data 101, and transmit the data to receiver 110. Receiver 1 10 may then 
30 reclock the data and output the data as data 155. 
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[0019] Transmitter 105 may receive input data 101 and transmit input data 101 with a 

clock signal that is not included in data signal 107. For instance, transmitter 105 may receive 8 
bits of data in parallel and serialize the data transmission. Transmitter 105 may also comprise a 
5 first-in, first-out (FIFO) data queue to compensate for frequency offset and circuitry to 
accommodate a disparity in the data rates between the frequency of data input 101 and the 
frequency of data signal 107. 

[0020] Data signal 107 may be received via a 3.125 Gigabits per second (Gbit/sec) link 

10 for transmission across a cable that needs to support high spread spectrum clocking applications 
and the present embodiment may receive, interpret, and re-transmit the data across a different 
network at 3.0 Gbit/sec. The embodiment may include a receiver front end 112, sampling 
circuitry 116, comparison circuitry 125, a phase controller 135, clock circuitry 140, a flywheel 
145, and a loop latency controller 150. Receiver front end 112 may receive a signal from a 
15 transmission medium, such as an optical fiber. The receiver front end 112 may include a low 
noise amplifier to amplify the signal to an amplitude appropriate for the sampling circuitry 116, 
producing a data signal 1 14. 

[0021] Sampling circuitry 116 may receive data signal 114 from the receiver front end 

20 112 and sample data from the data signal 1 14 with a sampling clock 120. Samples of the data 
signal 1 14 are taken to determine the data being transmitted as well as whether sampling clock 
120 is in phase with data signal 114. In particular, the effective sampling window for accurate 
interpretation of data from data signal 1 14 may be reduced due to, e.g., noise introduced into the 
signal and phase changing characteristics of spread spectrum signals. As a result, samples of 
25 data will be more accurate on average if the samples are taken at the middle of the data. 

[0022] The phase of the data signal 1 14 may be compared with the phase of the sampling 

clock 120 by taking more than one sample of each data bit. In some embodiments, sampling 
clock 120 may be a multiple of the frequency of an anticipated clock frequency for the data 
30 signal 114. In many embodiments, a sampling clock signal may be generated at a frequency 
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substantially equivalent to the anticipated frequency of data signal 114. In the present 
embodiment, three samples of a data bit may be taken for each bit in data signal 114. For 
example, a sampling clock with a 90 degrees lead or lag may be generated based upon sampling 
clock 120. The rising and falling edges of both sampling clock 120 and the 90 degree, phase- 
5 shifted sampling clock can then be utilized as triggers for sampling data signal 1 14. 

[0023] Comparison circuitry 125 may receive the samples of data signal 114 taken by 

sampling circuitry 116 and generate a comparison signal to indicate whether the phase of 
sampling clock 120 leads or lags data signal 114. In particular, comparison circuitry 125 may 

10 determine whether the phase of sampling clock 120 is different from the phase of data signal 
114. If the phase of data signal 114 is different from the phase of sampling clock 120, 
comparison circuitry 125 also determines whether the phase of sampling clock leads or lags the 
phase of data signal 1 14. For example, three samples are taken for each bit of data signal 1 14, 
two based upon the rising and falling edges of sample clock 120 and one based upon the rising or 

15 falling edge of a 90 degree, phase- shifted sampling clock. When sampling clock 120 is in phase 
with data signal 114, the rising and falling edges of sample clock 120 should coincide with the 
rising and falling edges of data signal 1 14. Thus, samples should indicate the same bit value for 
each bit of data signal 1 14. Further, the sample from the 90 degrees, phase-shifted sample clock 
should produce the bit value of the data signal from the center of the sampling window. 

20 

[0024] However, when sample clock 120 is out of phase with data signal 114, the data 

sampled in response to the rising edge and falling edge of sample clock 120 will be different. 
For instance, when sample clock 120 lags data signal 114 by a several degrees, the bit value 
being sampled is a logical one, and the next bit value of data signal 1 14 is a logical zero, the first 
25 two samples may indicate a logical one while the last sample indicates a logical zero. 
Alternatively, when sample clock 120 leads data signal 114 by several degrees, the bit value 
being sampled is a logical one, and the previous bit value is a logical zero, the first sample may 
indicate a logical zero while the last two samples indicate a logical one. 
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[0025] Comparison circuitry 125 may include spread spectrum clocking circuitry 130. 

Spread spectrum clocking circuitry 130 may be circuitry or stages in the CDR loop added to 
accommodate high-speed adjustments to sampling clock 120. For instance, spread spectrum 
circuitry 130 may include latches between stages. The latches may maintain the results of 
5 computations based upon samples from sampling circuitry 116 while comparison circuitry 125 
begins subsequent computations for subsequent samples. 

[0026] However, in the absence of spread spectrum clocking for data signal 114, such 

high frequency adjustments may be unnecessary and the rate of adjustments made by phase 

10 controller 135 may be reduced. In such situations, spread spectrum clocking circuitry 130 may 
be bypassed or deactivated by loop latency controller 150, effectively merging the stages, to 
reduce power consumption. In some embodiments, for example, stages of logic may be 
combined into a single stage by deactivating latches between the stages. In farther embodiments, 
additional changes to, e.g., comparison circuitry 125 may be implemented to bypass latches, 

15 merge stages, and/or reduce power consumption. 

[0027] Phase controller 135 may generate one or more control signals to modify the 

phase of sampling clock 120 based upon computations by comparison circuitry 125 and transmit 
the control signal to clock circuitry 140 to implement the changes. More specifically, phase 

20 controller 135 is designed to operate at a high frequency to control the high-speed phase changes 
necessary for sampling clock 120 to accommodate spread spectrum clocking. Phase controller 
135 may control the high-speed changes in response to the output of comparison circuitry 125. 
In the present embodiment, phase controller 135 may also transmit a signal to flywheel 145 to 
indicate each time that an adjustment is made to the phase of sampling clock 120 as well as the 

25 direction of the phase change. 

[0028] When data signal 114 does not include spread spectrum signals, however, phase 

controller 135 may operate at, e.g., half the frequency and still track the phase changes in data 
signal 114. Operating the phase controller 135, or circuit elements therein, at a reduced 
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operating frequency, reduces power consumption. Further, the operating voltage can typically be 
reduced in conjunction with the operating frequency. 

[0029] Flywheel 145 may dynamically accelerate and/or decelerate adjustments to the 

5 phase of sample clock 120, based upon a number of or pattern of adjustments implemented by 
phase controller 135, to accommodate for time-varying changes in the frequency of data signal 
1 14. Advantageously, flywheel 145 may also provide a signal to loop latency controller 150 to 
indicate adjustments implemented by flywheel 145 to the phase of sampling clock 120. For 
example, phase controller 135 may make one unit of phase adjustment to sampling clock 120 in 
10 response to input from comparison circuitry 125. Flywheel 145 may then recognize a pattern of 
adjustments to the phase of sampling clock 120 in one direction and may instruct phase 
controller 135 to make an additional unit of phase adjustment to sampling clock 120. 

[0030] Loop latency controller 150 couple with flywheel 145 to determine when spread 

15 spectrum signals are not being received and, in response, may reduce the frequency of operation 
of phase controller 135. For example, loop latency controller 150 may count the number of 
adjustments that flywheel 145 makes to phase changes in a given period of time to determine 
whether data signal 114 is a spread spectrum signal. When data signal 114 is not a spread 
spectrum signal loop latency controller 150 may reduce the frequency of operation for phase 
20 controller 135 by, e.g., half. In many embodiments, loop latency controller 150 may also reduce 
the internal operating voltage for receiver 110. 

[0031] In several embodiments, loop latency controller 150 may output logic and/or latch 

control signals to merge stages of receiver 110 and/or simplify processing stages for the CDR 

25 loop of receiver 110. More specifically, loop latency controller 150 may deactivate or bypass 
spread spectrum circuitry 130, advantageously reducing power consumption by receiver 110. In 
further embodiments, loop latency controller 150 may implement changes in stages, reducing the 
circuitry involved with a stage of processing to reduce power. For example, phase controller 135 
may include a 64 state rotator machine and loop latency controller 150 may, upon determining 

30 that data signal 114 does not include a spread spectrum signal, route the comparison signal(s) 
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from comparison circuitry 125 through a simpler stage such as an eight state rotator machine, 
advantageously reducing power consumption by receiver 1 10. 

[0032] FIG 2 depicts an embodiment of a CDR loop 200 with spread spectrum clocking 

5 that can reduce power consumption in response to receipt of a data signal 205 that is not a spread 
spectrum signal. In particular, CDR loop 200 includes loop circuitry 210 and loop latency 
controller 250. Loop circuitry 210 may receive the data signal 205, sample bit values, and adjust 
a sampling clock 217 in response to a comparison of the samples with expected patterns of 
values. Loop circuitry 210 may include sampling circuitry 215, comparison circuitry 220, a 
10 phase controller 230, a clock generator 239, and a flywheel 240. 

[0033] Sampling circuitry 215 takes more than one sample of each bit on average in data 

signal 205 to determine the value of each bit based upon sampling clock 217. Sampling circuitry 
215 may store a large series of these bits in memory to transfer to comparison circuitry 220. In 
15 many embodiments, sampling circuitry 215 may take two or three samples per bit, although in 
some embodiments, sampling circuitry may take more than three samples per bit. Sampling data 
signal 205 more than once per bit increases the accuracy of value determinations for bits. For 
example, if two out of three samples for a bit indicate that the value of the bit is a logical one, 
then the value of the bit is more likely a logical one a than a logic zero. 

20 

[0034] Comparison circuitry 220 may generate a comparison signal based upon the 

samples received from sampling circuitry 215 to indicate whether sampling clock 217 leads, 
lags, or is in-phase with data signal 205. In particular, comparison circuitry 220 may include an 
early/late calculator 222, a latch 224, an early/late averaging block 226, and an early/late adder 

25 or latch 228. Early/Late calculator 222 may analyze the samples on a bit per bit basis to indicate 
whether sampling clock 217 leads or lags data signal 205. Leading data signal 205 is often 
referred to as being early and lagging sampling clock 217 data signal 205 is often referred to as 
late. Latch 224 latches the early/late computations at the input for early/late averaging block 226 
so early/late calculator 222 can begin processing the next set of samples from sampling circuitry 

30 215. 
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[0035] After receiving the substantially instantaneous early and late determinations from 

early/late calculator 222, early/late averaging block 226 may average the bit per bit analysis to 
provide a more general trend. In particular, some of the individual analyses to determine 
5 whether sampling clock 217 leads or lags data signal 205 may be erroneous, but averaging the 
individual determinations over a longer period of time reduces the errors. The sum generated by 
early/late averaging block 226 is then latched at latch 228 to allow early/late averaging block 226 
to begin computations on the subsequent early/late computations. 

10 [0036] Note that many of the latches described in the last two paragraphs could be 

avoided if we could run all this control logic (early/late calculator, early/late averaging block, 
and phase controller) at a slower frequency. The present embodiment takes advantage of this via 
loop latency controller 250. 

15 [0037] Phase controller 230 may interpret the averaged early/late sums over time to 

determine whether the phase of sampling clock 217 should be modified. More specifically, 
phase controller 230 may include rotator state machine 232, rotate 234, state 235, phase logic 
236, and phase up/down 238. Rotator state machine 232 may determine whether the phase of 
sampling clock 217 should remain the same, be delayed, or be accelerated based upon the 

20 number of early and/or late signals phase controller 230 receives from early/late averaging block 
226. 

[0038] Rotate 234 may comprise a latch to receive the determination of rotator state 

machine 232 about whether the phase of sampling clock 217 should be accelerated, delayed, or 
25 remain the same and state 235 maintains the state for the state for rotator state machine 232 and 
returns the state to rotator state machine 232 for each determination. 

[0039] Phase logic 236 may receive indications regarding whether to modify the phase of 

sampling clock 217 from rotator state machine 232 and flywheel 240. Based upon the 
30 indications, phase logic 236 determines whether to change the phase and whether the change 
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should accelerate the phase or delay the phase. For example, phase logic 236 may receive an 
indication from rotator state machine 232 to accelerate the phase and may receive no indication 
from flywheel 240. In response, phase logic may accelerate the phase of sampling clock 217. 
Alternatively, neither rotator state machine 232 nor flywheel 240 may indicate a change to the 
5 phase of sampling clock 217 so phase logic may do nothing. And, as a further illustration, phase 
logic 236 may receive an indication from rotator state machine 232 of no change to the phase, 
possibly because rotator state machine 232 is unable to keep up with the changes, and flywheel 
240 indicates that the phase of sampling clock 217 should be accelerated. Phase logic 236 may 
then determine that the phase should be accelerated. 

10 

[0040] Phase up/down 238 may latch the output of phase logic 236 to the input of clock 

generator 239 and clock generator 239 may implement the changes to the phase of sampling 
clock 217 in response to instructions from phase controller 230. Sampling clock 217 may then 
be output to sampling circuitry 215 to take additional samples of data signal 205. 

15 

[0041] Flywheel 240 may couple with state 235 and phase logic 236 to dynamically 

adjust phase changes of sampling clock 217 to track accelerating changes in the phase of data 
signal 205. More specifically, spread spectrum signaling may include accelerating and/or 
decelerating changes in the phase of data signal 205 that phase controller 230 is unable to match 

20 and flywheel 240 may recognize the acceleration and/or deceleration patterns based upon 
changes to state 235 that are indicative of such patterns. In response, flywheel 240 may transmit 
a signal to phase logic 236 to implement an additional phase change, accelerating changes to the 
phase of sample clock 217. In other situations, flywheel 240 may transmit a signal to phase logic 
236 to prevent a phase change requested by rotator state machine 232, decelerating changes to 

25 the phase of sample clock 217. Further, flywheel 240 reports the change to loop latency 
controller 250. 

[0042] Loop latency controller 250 is designed to recognize when flywheel 240 is not 

operating in a manner indicative of spread spectrum signaling and, in response, takes steps to 
30 reduce power consumption by loop circuitry 210. More specifically, loop latency controller 250 



IBM Dkt No.: AUS920030779US1 



14 



AttyDkt: IBM.4O20.PAT 



may include spread spectrum clocking table 252 and counter/ comparator 254. Spread spectrum 
clocking table 252 may include information supplied by a user to indicate the amplitude and 
period of spread spectrum clocking that controls whether loop latency controller 250 takes steps 
that inhibit spread spectrum clocking functionality to reduce power consumption. 

5 

[0043] Counter/comparator 254 may determine whether signals received from flywheel 

240 meet user criteria for spread spectrum clocking based upon the threshold count for flywheel 
240 operations and the amplitude and period associated with the spread spectrum clocking. In 
response to reaching one of the user defined thresholds, and based upon the user defined 

10 reactions in spread spectrum clocking table 252, loop latency controller 250 may output 
frequency select 256, latch control signal 258, and logic control signal 259 to inhibit spread 
spectrum clocking functionality. In other words, upon determining that spread spectrum 
functionality should be inhibited to conserve power, loop latency controller 250 may output 
frequency select 256 to multiplexers, MUX 260, selecting a clock for loop circuitry 210 having a 

15 lower frequency to reduce the frequency of operation for portions of loop circuitry 210. For 
example, the default clock signal for enabling spread spectrum clocking for loop clock 266 may 
be clock 264 and an alternative clock 262 may be half or a quarter of the frequency of clock 264. 
When counter 254 determines that spread spectrum clocking is unnecessary based upon the 
settings for amplitude and period, loop latency controller may output frequency select 256 to 

20 change a loop clock 266 from clock 264 to clock 262. 

[0044] In some embodiments, loop latency controller 250 may output a voltage select 

255 to a voltage controller 270 in addition to changing loop clock 266. In particular, many 
circuits or circuit elements can operate with a lower voltage, Vdd 272, as a supply source when 
25 the frequency of operation for the circuit elements is reduced. Thus, loop latency controller 250 
may reduce the voltage, Vdd 272, in conjunction with the frequency of loop clock 266 to further 
reduce power consumption by loop circuitry 210. 

[0045] Further, loop latency controller 250 may output a latch control signal 258 to 

30 disable or deactivate latches 224 and/or 228 of comparison circuitry 220. Disabling or 
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deactivating latches 224 and 228 may merge stages early/late calculator 222 and early/late 
averaging block 226. (This is possible as long as the averaging does not operate on early/late 
signals that are too far back in time). For example, signals being directed toward a latch such as 
latches 224 and 228 may couples with latches 224 and 228 via multiplexers. If the latch control 
5 signal 258 is set, the multiplexers may couple the signals with the next stage of loop circuitry 
220 rather than the latches. 

[0046] In further embodiments, stages such as early/late calculator 222 and early/late 

averaging block 226 may require additional changes to logic to merge stages. Loop latency 
controller 250 may output logic control signal 259 to implement additional changes in 
conjunction with bypassing latch 224 to coordinate the merging of early/late calculator 222 and 
early/late averaging block 226. For instance, the output of early/late calculator 222, when 
transmitted via latch 224, may be coordinated with receipt of a second signal by early/late 
averaging block 226. The second signal may indicate, e.g., a divisor. Thus, logic control signal 
259 may adjust processing of the second signal to coordinate receipt of the second signal with 
the output of early/late calculator 222. 

[0047] In many embodiments, operation of loop latency controller 250 is automatic. In 

other embodiments, user control signal 245 may provide user with control (via a processor or 
directly) over the determination of whether to initiate steps to reduce power consumption. For 
example, the user may not expect data signal 205 to include spread spectrum signals. In 
particular, a register and/or some other input control may be set by the user that provides user 
control signal 245 to indicate that stages of loop circuitry 210 should be bypassed, deactivated or 
merged, or to indicate that the frequency of operation for loop circuitry 210, or a portion thereof, 
should be reduced. 

[0048] FIG 3 illustrates a graph 300 describing advantages of embodiments of the present 

invention. More specifically, graph 300 describes power savings of two different embodiments 
with respect to normal operation a circuit such as the CDR loop 200 in FIG 2. The normal mode 
30 310 represents a situation in which the loop circuitry 210 shown in FIG 2 is operating with 
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spread spectrum clocking enabled. The graphs above normal mode 310 indicate the margin for 
required BER and the power saving for loop circuitry 210 when spread spectrum clocking is 
enabled. The margin for BER 315 for normal mode 310 is close to 20% and the power savings 
340 for the normal mode 3 10 is the reference point for the graph or zero percent. 

5 

[0049] The 1/2 frequency plus stage merging 320 represents the situation in which loop 

circuitry 210 operates rotator state machine 232 at one half the frequency of normal mode 310 
and loop latency controller 250 has merged early/late calculator 222 and early/late averaging 
block 226 stages. Note that in 1/2 frequency plus stage merging 320 the margin of BER 325 is 
10 approximately equal to that of normal mode 310 but the power savings 345 is approximately 
20%. 

[0050] The 1/4 frequency plus stage merging 330 represents the situation in which loop 

circuitry 210 operates rotator state machine 232 at one quarter the frequency of normal mode 310 
15 and loop latency controller 250 has merged early/late calculator 222 and early/late averaging 
block 226 stages. Note that in 1/4 frequency plus stage merging 330 the margin of BER 335 has 
reduced to just over 15% of normal mode 310 and the power savings 350 is approximately 30%. 

[0051] Referring now to FIG 4, there is shown an example of a flow chart 400 for 

20 reducing power consumption in a CDR loop such as CDR loop 110 shown in FIG 1 . Flow chart 
400 begins with receiving a data signal (element 410). For example, the data signal may include 
a data signal that was clocked and transmitted without the corresponding clock signal to increase 
data bandwidth and to reduce noise associated with transmitting a clock signal along with a data 
signal. 

25 

[0052] Transitions of a sampling clock and a delayed sampling clock may trigger 

sampling circuitry to determine values of the data signal to take sample values for bits 
transmitted via the data signal (element 415). For example, the sampling clock may be received 
by the sampling circuitry and a circuit element designed to delay the sampling clock signal may 
30 be utilized to generate a second clock signal that lags the sampling clock signal, providing more 



IBM Dkt Na: AUS920030779US 1 



17 



AttyDkt: EBM.4020.PAT 



than two transitions for sampling values per bit from the data signal when the sampling clock 
signal is close to the same frequency as the data signal. 

[0053] The sample values can then be compared and averaged to determine a phase 

5 relationship between the data signal and the sampling clock signal and generate a comparison 
signal based upon the phase relationship (element 420). For instance, if three sample values are 
taken per bit and two of the sample values fall within the sampling window and one value 
appears to fall within the sampling window of the next bit then the phase of the sampling clock 
signal may lag the phase of the data signal. Then, the individual determinations about whether 
10 the phase of the sampling clock leads or lags the data signal can be averaged to reduce erroneous 
determinations. 

[0054] With the comparison signal indicating whether the sampling clock signal leads or 

lags the data signal, the phase of the sampling clock signal may be adjusted to more closely 

15 match the data signal (element 425). More specifically, a phase controller may receive the 
comparison signal and transmit a signal to a clock generation circuit to step up the phase or step 
back the phase of the sampling clock to track the data signal. The clock generation circuit 
modifies generation of the sampling clock signal to incorporate the phase change. The clock 
generation circuitry then outputs the sampling clock to the sampling circuitry to take the 

20 subsequent set of sample values. 

[0055] The phase adjustments for the sampling clock signal are monitored (element 430) 

and compared with a pattern to determine whether the phase controller is adequately tracking the 
changes. If the changes are occurring more rapidly than the phase controller can track, a 
25 flywheel or other similar circuitry may modify the adjustments to the phase of the sampling 
clock to track a phase of the data signal (element 435). For instance, changes in phase of the 
data signal may occur at a faster rate than the phase controller can track. Thus, the flywheel may 
implement additional phase changes to the sampling clock to track the data signal. 
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[00561 The modifications implemented by the flywheel are monitored to determine 

whether spread spectrum clocking is being utilized to track the data signal (element 440). When 
spread spectrum clocking is being utilized, the CDR loop is left to operate in a normal mode. 
For example, a loop latency controller may determine whether the number and types of 
5 modifications implemented by the flywheel are indicative of spread spectrum clocking to track a 
spread spectrum signal. 

[0057] If the spread spectrum clocking capabilities are not being utilized, however, the 

loop latency controller may adapt a stage of the CDR loop (element 450). For example, the loop 
10 latency controller may reduce an operating frequency and possibly an operating voltage for the 
CDR loop circuitry, or at least portions thereof, to reduce the power consumption of the CDR 
loop. 

[0058] In some embodiments, the loop latency controller may merge stages of the CDR 

15 loop when the spread spectrum clocking capabilities are not being utilized. For instance, loop 
latency controller may generate a signal that causes a latch coupled between an output of the 
stage and an input of the second stage to be bypassed, such as latch 224 between early/late 
calculator 222 and early/late averaging block 226 in FIG 2. 

20 [0059] In further embodiments, adapting the stage may include deactivating the stage and 

activating a second simpler stage, wherein the second simpler stage performs a substantially 
similar function as the stage. For example, the stage may include a multiple-state, rotator state 
machine and the second simpler stage may include a second rotator state machine. The multiple- 
state, rotator state machine may have more states than the second rotator state machine so the 

25 change reduces the complexity of the circuitry to implement the state rotator machine, which can 
reduce power consumption for the CDR loop. 

[0060] It will be apparent to those skilled in the art having the benefit of this disclosure 

that the present invention contemplates methods and arrangements for extension of clock and 
30 data recovery loop latency and deactivation of clock and data recovery circuits. It is understood 
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that the form of the invention shown and described in the detailed description and the drawings 
are to be taken merely as examples. It is intended that the following claims be interpreted 
broadly to embrace all the variations of the example embodiments disclosed. 



